The functions of the glomerular mesangium are served by at least two populations of cells-a cell bearing microfilaments that regulates blood flow, and a phagocytic cell bearing Ia determinants and Fc receptors. We provide evidence that mouse mesangial cells (bearing microfilaments) produce a factor(s) that stimulates spleen cell proliferation. The factor(s) appears to act via monocytes/macrophages, since its stimulatory activity is abrogated by prior depletion of the responding mononuclear cell population of monocytes/macrophages. Confirmation of its action on macrophages was documented by experiments that showed that medium from macrophages incubated with mesangial cell supernatant contained greater amounts of a factor that stimulated [Hlthymidine uptake by macrophage-depleted spleen cell populations. By the cothymocyte proliferation assay, it could be shown that mesangial cell supernatant induced splenic macrophage production of interleukin-l-like activity. Preliminary characterization reveals the factor to have a molecular weight > 100,000. Thus, a novel function is delineated for this mesangial cell type that appears capable of modulating the local immune response by providing an amplification signal.
Introduction
Furthermore, it can be shown that the mesangial cell-derived factor induces macrophage production of interleukin-l-like activity.
Methods
Cultivation ofmouse mesangial cells and preparation ofmesangial cell supernatant. The procedures for cultivation and the characteristics of mouse mesangial cells have been previously reported in detail (9) . In brief, glomeruli were isolated from male C57BL/6J mice (Jackson Laboratories, Bar Harbor, ME) 12-20-wk-old by a sieving technique (10) . Glomeruli were plated onto 30-ml tissue culture flasks (Coming Labware, Coming Glass Works, Coming, NY) that contained modified Eagle's medium (MEM;' Gibco Laboratories, Grand Island, NY) supplemented with 20% heat-inactivated fetal calf serum (FCS), L- glutamine (2 mM), penicillin (100 U/ml), and streptomycin (100 ;g/ ml) in a 370C humidified 5% CO2 incubator. This medium will be designated complete MEM. Cellular outgrowths were observed 10-14 d after seeding. Cultures were fed biweekly and transferred at confluence. For preparation of mesangial cell supernatants, aliquots of mesangial cells (0.5-1 X 107 cells) were grown in 20 ml complete MEM to confluence and supernatant harvested. Preliminary experiments revealed that the immunoregulatory factor was detectable by 24 h culture. Initial studies that tested supernatants from cultures of mesangial cells grown in MEM with and without FCS showed that the immunostimulatory activity of supernatants of mesangial cells cultured in MEM containing FCS was more potent than that derived from serum-less media and, as such, experiments were performed using such material containing FCS. Cell debris was spun down, supernatant passed through a 0.22-MM filter (Millipore Corp., Bedford, MA) and stored at -70°C in aliquots before use. Control complete MEM was treated in an identical fashion except for the growth of mesangial cells. Media were screened for endotoxin by the Limulus assay (Pyrotest; Difco Laboratories, Detroit, MI) using the Pyrotest kit according to the manufacturer's recommendations. In brief, the test was conducted by adding 0.1 ml of Pyrotest (Limulus Amebocyte Lysate) (Difco Laboratories) to 0.1 ml of test solution, mixing the solutions and incubating for I h in a 37°C waterbath. The presence of endotoxin was indicated by the formation of a firm gel clot that remained intact when inverted through 1800. Positive and negative controls were incorporated in the runs, and the test was sensitive to 100 pg endotoxin/ml. Media (control and mesangial cell supernatant) were screened for endotoxin, and batches with no detectable endotoxin were used for the studies. Limited studies (data not shown) were also done in which the spleen cells of C3H/HeJ mice (endotoxin unresponsive) could be shown to respond to mesangial cell supernatant in a dose-dependent fashion. The results of these studies provided further confirmation that endotoxin was not responsible for the immunostimulatory effect seen. As a tissue control, supernatants from 3T3 cells (American Type Culture Collection, Rockville, MD) were harvested and tested for immunoregulatory activity.
To (2) . The cells have an oval nucleus, abundant microfilaments parallel to the long axis of the plasma membrane, and exhibit surface dense patches. The cells were not sensitive to the addition of the aminonucleoside of puromycin, and their growth characteristics were unchanged in D-valine substituted medium, which further indicated that they were not fibroblasts. By cell labeling techniques, they could be shown to synthesize fibronectin (6) .
Assayfor h. The cells were harvested onto glass filter fibers and washed with distilled water using a semi-automatic cell harvester (Titertek Cell Harvester, Flow Laboratories, Inc., Rockville, MD). Filter disks were punched out and transferred to scintillation vials containing Aquasol-2 (New England Nuclear) and counted in a LS-7000 scintillation counter (Beckman Instrument Inc., Fuller-ton, CA).
For monocyte/macrophage depletion experiments, identical procedures were used except that aliquots of splenic cells were depleted of monocytes/macrophages by passage through a Sephadex G-l0 column as described in detail by Ly and Mishell (11) . Depleted cells were shown to have 1% monocytes/macrophages as assessed by ingestion of sensitized sheep erythrocytes.
Since experiments showed that the stimulatory activity of the mesangial cell supernatant was dependent on the presence of monocytes/ macrophages in the responding cell population, experiments were directed towards confirming this effect. Splenic macrophages from resident mice were obtained by adherence, plating 4 To determine if mesangial cell supernatant induced the production of interleukin-l-like activity, the C3H-HeJ mouse co-thymocyte proliferation assay was used (12 To examine the cellular mechanism by which mesangial cell supernatant obtained this stimulatory effect, experiments were done using fractionated cell populations. The results, shown in Fig. 2 , demonstrate that with monocyte-macrophage depletion by passage of spleen cells through a Sephadex G-10 column, the stimulatory activity of mesangial cell supernatant was entirely removed, indicating that it exerted its effect via monocytes/macrophages. Protocols are as in Fig. 2 The results for the assay for interleukin-l-like activity in the supernatants of macrophages incubated with control media and with mesangial cell supernatant are shown in Fig. 6 . Mesangial cell supernatant by itself had no significant effect on thymocyte proliferation (with and without PHA, data not shown). When supernatants from macrophages were tested, it was evident that in the presence of PHA, thymocytes proliferated more readily in response to supernatants from macrophages conditioned with mesangial cell supernatant compared with control macrophage supernatants. (Without PHA, there was no significant effect of both types of supernatant on thymocyte proliferation; data not shown.)
The results of studies on the preliminary characterization of the immunoregulatory factor(s) are shown in Fig. 7 . Stimulatory activity was found in the >100,000-mol wt fractions. 10-100,00
>1 00,000 Unfraction.
Fractions (mol wt) Figure 7 . Preliminary characterization of mesangial cell supernatant. Three fractions < 10,000, 10,000-100,000, and >100,000 mol wt were prepared by ultrafiltration through Amicon membranes UM-10 and XM-I00 (see Methods (13) . Among these are interleukin-1, which has immunostimulatory properties, and other substances such as the prostaglandins and the oxygen-derived products that are immunosuppressive. Interleukin-1 has been extremely well characterized (13, 14) , has been shown to have a molecular weight of 13,000-16,000, exhibits charge heterogeneity, and has important effects on the functions of lymphocytes and other cell types such as the fibroblast (13, 14) . In terms of immune function, it has been shown to stimulate thymocyte proliferation, induce the production of interleukin-2 by T lymphocytes (14) , and most recently has been shown to stimulate B cells (15) . A recent investigation (16) has reported that rat mesangial cells directly elaborate a substance resembling interleukin-1. The factor in our mouse mesangial cell-cultured supernatants is not interleukin-1 as determined from its molecular size and by the cellular locus of its action. The significance of the present findings relates to the regulation of the local immune response in the glomerulus during nephritis. There is now abundant evidence that in nephritis, there is infiltration of the glomerulus with mononuclear cells, which are predominantly monocytes, but which also contain lymphocytes (17) (18) (19) . There is evidence that mononuclear cell products exert an effect on mesangial cell proliferation. The results presented here suggest that this interaction may be bidirectional, that mesIngial cells may in turn regulate the physiology of the infiltrating mononuclear cells. This is especially important in nephritis, since mesangial hypercellularity usually occurs in this pathologic condition, and if the proliferating mesangial cell produces more of this stimulatory factor it will result in an amplification of the local immune response. In another context, it would appear that the two cell types found in the mesangium, the cell-bearing microfilaments and the Ia-positive phagocytic cell, function complementarily in the modulation of the local immune response. Thus, the Ia-bearing cell acts to present antigen while the contractile cell delivers an amplification signal. Finally, in view of the fact that the immunostimulatory factor described by us acts on monocytes/macrophages, it may be reasonably speculated that one of its cellular loci of activity may be the mesangial Ia-positive phagocytic cell because of the similarities of this cell to the bone marrow-derived monocyte series.
